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INTRODUCTION 

The  epidermal  growth  factor  receptor  (EGFR)  and  the  related  protein  erbB2  have  been 
implicated  as  important  mediators  of  breast  cancer  tumorigenesis  and  metastasis.  While  much 
is  known  about  EGFR  signal  transduction  related  to  its  tyrosine  kinase  activity,  less  is  known 
about  the  protein  tyrosine  phosphatases  (PTPs)  which  must  be  present  to  modulate  the  cellular 
effects  of  the  EGFR  by  dephosphorylating  the  receptor  and  its  substrates.  Evidence  derived 
from  several  approaches  suggests  that  the  transmembrane  PTP  LAR  may  be  involved  in  EGFR 
signaling  in  mammary  gland  development  and  tumorigenesis.  Two  sets  of  data  are 
particularly  important.  First,  the  LAR  knockout  mouse  has  been  shown  to  have  a  defect  in 
terminal  mammary  gland  development.  Second,  we  have  shown  that  suppression  of  cellular 
LAR  by  60%  using  an  antisense  expression  vector  results  in  a  3-4  fold  elevation  of  EGF- 
dependent  receptor  signaling.  Based  upon  these  and  other  observations,  the  hypothesis  to  be 
tested  in  this  proposal  is  that  LAR  plays  an  important  role  in  EGFR-dependent  mammary 
gland  development  and  tumorigenesis  through  negative  modulation  of  EGFR  signal 
transduction. 
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The  research  question  (hypothesis)  to  be  tested  in  this  proposal  is  that  LAR  plays  an 
important  role  in  EGFR-dependent  breast  cancer  through  negative  modulation  of  EGFR 
signal  transduction.  With  the  long  term  goal  of  understanding  the  mechanisms  by  which  EGF 
signaling  is  abnormal  in  breast  cancer,  two  specific  aims  are  being  pursued:  First: 
characterize  the  impact  of  LAR  on  TGFa-dependent  abnormal  mammary  gland  development. 
This  requires  a  mouse  model  which  has  the  combined  characteristics  of  a  LAR  deficient 
(knockout)  mouse  and  a  mouse  which  has  a  strong  tendency  to  abnormal  mammary 
development  and  tumors  because  of  increased  expression  of  the  tumor-promoting  gene 
(TGFa)  in  the  mammary  gland.  The  hypothesis  would  predict  that  abnormal  mammary 
development  will  be  more  pronounced  in  those  mice  with  the  absence  of  the  modulatory 
effects  of  LAR.  Second:  define  the  mechanism  by  which  LAR  mediates  its  modulatory  effect 
on  EGFR  signaling  and  alters  mammary  gland  development.  Examine  how  LAR  interacts  with 
EGFR.  Is  it  direct  or  through  some  intermediate  steps? 

Aim  #1:  Characterize  the  influence  of  PTP  LAR  on  TGFa-dependent  abnormal 
mammary  gland  development. 

This  objective  requires  the  crossing  of  LAR  knockout  mouse  with  mice  expressing 
TGFa  targeted  to  the  mammary  epithelium.  These  studies  require  the  monitoring  of  the  mice 
for  tumor  formation  for  a  period  of  12  months  and  beyond.  In  the  first  funding  year,  it  became 
known  that  the  co-investigator,  Dr.  William  Kisseberth,  was  relocating  to  the  Dept,  of  Clinical 
Sciences,  College  of  Veterinary  Medicine,  Ohio  State  University.  While  this  relocation  did 
not  alter  the  objectives  of  this  study,  Dr.  Kisseberth’ s  contribution  to  the  project  included  this 
aspect  of  the  study,  ie.  the  crossbreeding  of  the  mice  and  the  monitoring  of  same  for  tumor 
formation.  Thus,  it  was  decided  to  postpone  the  initiation  of  the  mouse  crossing  studies  until 
after  the  relocation  so  that  they  can  be  completed  at  Ohio  State.  Relocation  of  the  animals 
during  their  tumor  latency  was  not  considered  to  be  wise.  Now  that  Dr.  Kisseberth  has  been 
established  at  Ohio  State,  he  has  begun  the  breeding  experiments  as  described  above.  We 
anticipate  commencing  with  the  analysis  of  animal  data  in  the  near  future.  It  must  be  kept  in 
mind  that  the  endpoint  is  tumor  development.  Thus,  a  12  month  delay  after  the  breeding  of  the 
mice  is  needed  in  order  to  accumulate  the  date. 

Aim  2:  Elucidate  the  mechanism  by  which  LAR  modulates  EGFR  signaling  in  the 
mammary  eland. 

Two  aspects  of  Aim  #2  have  shown  progress  during  Year  #2.  These  include  A) 
completing  final  experiments  needed  to  publish  our  investigation:  Expression  of  PTP  LAR  is 
regulated  by  cell  density  through  functional  E-cadherin  complexes  and  B)  an  investigation  of 
the  mechanism  by  which  cell  contact  inhibition  (mediated  by  functional  E-cadherin 
complexes)  inhibits  EGFR  proliferation  signaling  in  a  mammary  epithelial  cell  model. 

A)  Expression  of  PTP  LAR  is  Regulated  bv  Cell  Density  Through  Functional  E-Cadherin 

Complexes:  We  have  completed  this  investigation  which  was  desribed  in  considerable  detail 
in  the  report  for  Year  1.  Since  the  major  effort  in  Year  2  on  this  project  was  focused  on 
repeating  experiments  and  addressing  reviewers’  comments  before  publication,  all  of  the  data 
will  not  be  repeated  here.  A  copy  of  the  preprint  is  place  in  the  Appendix.  Only  the  Abstract 
is  included  below. 
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Abstract:  The  receptor-like  protein  tyrosine  phosphatase  LAR  has  been  implicated  in  receptor 
tyrosine  kinase  signaling  pathways  while  also  displaying  cell  density  dependency  and 
localization  to  adherens  junctions.  While  physiologic  substrates  for  LAR  have  not  been 
unequivocally  identified,  P-catenin  associates  with  LAR  and  is  an  in  vitro  substrate.  With  the 
implication  that  LAR  may  play  a  role  in  regulating  E-cadherin  dependent  cell-cell 
communication  and  contact  inhibition,  the  relationship  of  LAR  to  E-cadherin  was  investigated. 

LAR  expression  increased  with  cell  density  in  the  human  breast  cancer  cell  MCF-7  and  in  Ln 
3  cells  derived  from  the  13672NE  rat  mammary  adenocarcinoma.  LAR  protein  levels  rapidly 
decreased  when  cells  were  replated  at  low  density  after  attaining  high  expression  of  LAR  at 
high  cell  density.  COS-7  cells  displayed  comparable  density-dependent  regulation  of  LAR 
expression  when  transiently  expressing  exogenous  LAR  under  the  control  of  a  constitutively 
active  promoter,  indicating  that  the  regulation  of  expression  is  not  at  the  level  of  gene 
regulation.  Disrupting  homophilic  E-cadherin  complexes  by  chelating  extracellular  calcium 
caused  a  marked  decrease  in  LAR  protein  levels.  Similarly,  blocking  E-cadherin  interactions 
with  saturating  amounts  of  E-cadherin  antibody  (HECD-1)  also  led  to  a  rapid  and  pronounced 
loss  of  cellular  LAR.  In  contrast,  mimicking  cell  surface  E-cadherin  engagement  by  plating 
cells  at  low  density  onto  dishes  coated  with  HECD-1  resulted  in  a  2  fold  increase  in  LAR 
expression  compared  to  controls.  These  results  suggest  that  density-dependent  regulation  of 
LAR  expression  is  mediated  by  functional  E-cadherin  and  may  play  a  role  in  density- 
dependent  contact  inhibition  by  regulating  tyrosine  phosphorylation  in  E-cadherin  complexes. 

B)  EGFR  signaling  is  inhibited  by  cell  contact  at  the  level  of  Akt  activation:  Cell 
contacts  prevent  normal  adult  breast  epithelium  from  proliferating  when  exposed  to  growth 
stimuli,  such  as  EGF.  In  contrast,  neoplastic  epithelial  cells  proliferate  in  response  to  EGF 
despite  being  surrounded  by  other  cells  in  the  tumor  mass.  We  sought  to  understand  the 
mechanism  of  cell  contact-mediated  inhibition  of  EGF  signaling  by  comparing  EGF- 
dependent  signaling  in  low  density  and  high  density  MCF10A  cell  cultures.  The  MCF10A 
normal  human  breast  epithelial  cell  line  requires  EGF  for  proliferation  in  culture  and  exhibits 
density-dependent  withdrawal  from  the  cell  cycle  (fig.  1).  EGF  treatment  caused  maximal  EGF 
receptor  activation  by  10  min  that  was  two-fold  higher  in  the  low  density  MCF10A  cells  (fig. 
2).  The  EGF  receptor  remained  activated  and  unchanged  for  30  min  under  both  density 
conditions.  EGF  receptor  mass  was  also  similar  in  low  and  high  density  cultures.  Signaling 
pathways  which  were  independent  of  cell  density  include  the  following:  (1)  EGF-dependent 
tyrosine  phosphorylation  of  erbB3  and  association  of  the  p85  subunit  of  PI3  kinase  with  erbB3 
(fig.  3),  (2)  EGF-dependent  tyrosine  phosphorylation  of  Gab-1  (fig.  4),  (3)  EGF  dependent 
association  of  the  p85  subunit  of  PI3  kinase  with  Gab-1  (fig.  4),  (4)  In  vitro  Gab  1 -associated 
PI3  kinase  activity  (fig.  5),  (5)  PDK1 -dependent  phosphorylation  of  Akt  (fig.  5),  and,  finally 
(6)  Erk-1/2  activation  (fig.  6).  Only  at  the  level  of  EGF-dependent  Akt  activation  was  a 
marked  difference  between  high  and  low  density  cells  apparent  (fig.  7).  In  contact-inhibited 
MCF10A  cells,  EGF  treatment  caused  a  transient  stimulation  of  Akt  activity  that  peaked  at  5 
min  and  rapidly  decreased  to  30%  at  30  min.  In  the  low  density  cells,  in  contrast,  Akt  was 
activated  to  the  same  extent  at  5  min  as  in  the  high-density  cells  (as  measured  by  serine  473 
phosphorylation),  but  the  low  density  cells  retained  65%  of  this  activity  at  30  min  (fig.  7).  The 
in  vitro  kinase  activity  of  Akt  is  higher  in  the  low  density  cells  at  both  5  and  30  min  (fig.  8). 
This  approximately  two  fold  higher  Akt  activity  in  low  density  cells  remains  present  for  at 
least  21  hours  (fig.  9).  Preliminary  studies  show,  if  low  density  cells  were  treated  with  the  PI3 
kinase  inhibitor  LY294002  such  that  only  30%  of  the  maximal  EGF  dependent  Akt  activity 
was  observed  at  30  min  (i.e.  mimicking  the  high  density  condition),  then  EGF  no  longer 
stimulated  proliferation  of  these  cells  (fig.  10).  In  summary,  cell  contact  mediated  suppression 
of  Akt  activity  blocks  proliferation  and  may  identify  a  critical  mechanism  for  contact 
inhibition  of  growth. 
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Figure  1.  MCF10A  cells  exhibit  density  dependent  inhibition  of  growth.  MCF10A 
cultures  were  grown  to  confluency  (High  density).  A  confluent  dish  was  split  1:4  and 
reseeded  in  a  larger  dish  at  approximately  15%  of  its  original  confluency  (Low  density).  After 
allowing  the  cells  to  attach  for  6  hrs.,  the  cells  were  placed  in  growth  factor  free  media  for  18 
hrs.  After  the  Low  density,  L,  and  High  density,  H,  were  treated  for  0,  0.5, 4,  8, 16,  or  21  hrs., 
with  5  ng/ml  of  EGF,  lysates  were  collected  and  total  cellular  protein  was  determined.  Equal 
amounts  of  total  cellullar  protein  were  separated  by  SDS-PAGE,  transferred  to  nitrocellulose 
and  immunoblotted  for  B.  the  retinoblastoma  protein  (Rb),  and  C.  P27.  A.  shows  the  results  of 
a  densitometric  scan  of  B.  hyperphosphorylated  Rb  expressed  as  the  percent  of  total  amount  of 
Rb. 
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Figure  2.  EGF  receptor  autophosphorylation  is  greater  in  low  density  cells.  MCF10A 
cultures  were  grown  to  confluency  (High  density).  A  confluent  dish  was  split  1:4  and 
reseeded  in  a  larger  dish  at  approximately  15%  of  its  original  confluency  (Low  density).  After 
allowing  the  cells  to  attach  for  6  hrs.,  the  cells  were  placed  in  growth  factor  free  media  for  18 
hrs.  After  the  Low  density,  L,  and  High  density,  H,  were  treated  for  0,  5,  10,  20,  25,  or  30 
min.,  with  5  ng/ml  of  EGF,  lysates  were  collected  and  total  cellular  protein  determined.  Equal 
amounts  of  total  cellullar  protein  were  separated  by  SDS-PAGE,  transferred  to  nitrocellulose 
and  immunoblotted  for  A.  tyrosine-phosphorylated  EGF  receptor,  B.  EGF  receptor  mass,  and 
C.  p-catenin  (as  a  loading  control).  For  D.  and  E.,  equal  amounts  of  total  cellular  protein  were 
immunoprecipitated  with  polyclonal  EGF  receptor  antibodies  before  separating  on  SDS-PAGE 
and  immunoblotting  with  D.  phosphotyrosine  (PY)  and  E.  EGF  receptor  mass. 
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Figure  3.  EGF-dependent  erbB3  activity  is  unaffected  by  density.  MCF10A  cultures  were 
treated  as  described  in  figure  2.  After  immunoprecipitating  with  anti-erbB3,  the  cultures  were 
immunoblotted  in  A.  for  phosphotyrosine  (PY),  in  B.  for  erbB3  mass,  and  C.  for  p85  subunit 
of  PI3  kinase. 
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Figure  4.  EGF-dependent  Gabl  phosphorylation  and  p85  association  of  PI3  kinase  are 
unaffected  by  density.  MCF10A  cultures  were  treated  as  described  in  figure  3.  After 
immunoprecipitating  with  anti-Gabl,  the  cultures  were  immunoblotted  in  A.  for 
phosphotyrosine  (PY),  in  B.  Gabl  mass,  and  C.  for  p85  subunit  ofPI3  kinase. 
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Figure  5.  Gabl-associated  PI3  kinase  and  EGF-dependent  PDK1  activities  are 
unaffected  by  density.  MCF10A  cultures  were  treated  as  described  in  figure  2.  After 
immunoprecipitating  with  anti-Gabl,  PI-3-kinase  in  vitro  activity  was  analyzed,  B.  A  shows 
the  average  +/-  one  standard  deviation  from  densitometric  scans  of  3  experiments.  C.  shows 
lysates  immunoblotted  for  phospho-Akt(T308)  (the  site  phosphorylated  by  PDK1).  These  are 
representative  blots  from  3  experiments. 
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Figure  6.  EGF-dependent  erkl/2  activity  is  unaffected  by  density.  MCF10A  cultures  were 
treated  as  described  in  figure  2.  and  immunoblotted  with  A.  anti-  p44/p42  erkl/2,  B.  anti-erkl, 
C.  p42  erk2  (lighter  exposure),  and  D.  anti-erk2.  These  are  representative  blots  from  3 
experiments. 


Figure  7.  EGF-dependent  Akt  activity  is  suppressed  by  high  density.  MCF10A  cultures 
were  treated  as  described  in  figure  2.  and  immunoblotted  with  B.  anti-  pSer473  Akt,  and  C. 
anti- Akt.  A.  Shows  the  average  +/-  one  standard  deviation  from  densitometric  scans  of  3 
experiments  (one  shown  in  B.).  *  designates  student  t-test  p<  0.05. 
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Figure  8.  EGF-dependent  Akt  in  vitro  kinase  activity  is  suppressed  by  high  density. 

MCF10A  cultures  were  treated  as  described  in  figure  2.  After  immunoprecipitating  with  anti- 
Akt,  the  ability  of  Akt  to  phosphorylate  glycogen  synthase  kinase  3  fusion  protein  (GSK3 
Fusion)  in  vitro  was  measured,  B.  Part  A.  shows  the  average  +/-  one  standard  deviation  from 
densitometric  scans  of  2  experiments.  These  results  are  preliminary  pending  the  result  of  at 
least  one  more  experiment. 


10 


L0  L0.5  L4  L8  L16  L21  HO  H0.5  H4  H8  H16  H21 

A.  . — . — Akt(S473) 


B. 


■mim?  'mitm-  mum?  mm&-  ■wptfr 


Akt 


Figure  9.  High  density  cultures  suppress  EGF-dependent  Akt  activity  for  at  least  21 
hours.  MCF10A  cultures  were  treated  as  described  in  figure  2.  and  immunoblotted  with  A. 
anti-  pSer473  Akt,  and  B.  anti-Akt. 
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Figure  10.  Partial  suppression  of  Akt  activity  in  low  density  cultures  after  treatment  with 
the  PI3  kinase  inhibitor,  LY294002,  is  associated  with  inhibition  of  cellular  division.  Low 

density  cultures  were  treated  for  21  hrs.  with  or  without  5  ng/ml  of  EGF.  After  30  min.  of  EGF 
treatment,  the  cultures  were  treated  with  or  without  30  pM  LY294002.  (Prior  experiments 
showed  30  pM  LY294002  to  inhibit  Akt  (Ser473)  phosphorylation  to  30  %  of  its  maximum 
phosphorylation  levels).  Lysates  were  collected  and  total  cellular  protein  was  determined. 
Equal  amounts  of  total  cellular  protein  were  separated  by  SDS-PAGE,  transferred  to 
nitrocellulose  and  immunoblotted  for  A.  phospho-Akt  (Ser473),  B.  Rb,  and  C.  P27. 


Conclusions: 

1 .  Although  high  density  cultures  have  half  the  EGF  receptor  autophosphorylation,  EGF 
responses  in  high  and  low  density  cells  are  comparable  down  to  the  level  of  Akt.. 

2.  Suppression  of  EGF-dependent  Akt  activation  distinguishes  low  density  from  high  density 
cells. 

3.  When  LY294002  is  used  to  artificially  suppress  Akt  activity  in  low  density  cultures, 
cellular  division  is  inhibited. 

4.  Regulation  of  EGF-dependent  Akt  activation  may  be  a  critical  mechanism  for  cell  contact 
inhibition  of  growth. 


KEY  RESEARCH  ACCOMPLISHMENTS 


Demonstrated  that  expression  of  the  LAR  phosphatase  in  the  human  breast  cancer  cell  line, 
MCF7,  is  dependent  upon  cell-cell  contact. 

Characterized  the  mechanism  by  which  LAR  protein  is  regulated  and  demonstrated  that 
functional  E-cadherin  complexes  are  necessary  and  sufficient  for  this  effect. 

This  is  particularly  relevant  to  the  objectives  of  this  project  because  engagement  of  E- 
cadherin  complexes  are  also  known  to  exert  an  inhibitory  effect  on  EGF  receptor  signaling, 
particularly  mitogenesis.  Might  it  be  that  the  E-cadherin  effect  is,  in  part,  mediated 
through  the  expression  of  the  PTP  LAR  as  our  hypothesis  would  suggest? 

Cell  contact  inhibition  of  EGF-dependent  growth  is  mediated  at  the  level  of  Akt  activation. 
Akt  activation  if  a  critical  step  for  control  of  cell  cycle  progression,  and  this  inhibition  by 
contact  inhibition  is  present  for  at  least  21  hr  after  exposure  to  EGF. 
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Symons,  JR,  LeVea,  C,  and  Mooney,  RA  (2002)  Expression  of  PTP  LAR  is  regulated  by  cell 
density  through  functional  E-cadherin  complexes.  Biochem.  J.  365,  513-519. 
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LeVea,  C,  and  Mooney,  RA  (2002)  Cell  contact  inhibition  of  growth  is  mediated  by  E- 
cadherin  dependent  suppression  of  EGF-stimulated  Akt  signaling. 

Mouse  transgenic  model: 

Targeted  expression  of  human  LAR  selectively  to  the  mammary  gland  via  the  MMTV 
promoter. 
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CONCLUSIONS 


Work  in  the  second  year  has  supported  the  hypothesis  that  LAR  is  a  negative  regulator 
of  EGF  receptor  signaling.  We  have  characterized  the  regulation  of  cellular  LAR  expression 
and  have  revealed  an  important  role  for  E-cadherin  in  this  process.  LAR  is  regulated  by  cell 
density,  with  concentrations  increasing  markedly  as  cell  density  increases.  Functional  E- 
cadherin  complexes  are  necessary  for  this  effect.  Tyrosine  phosphorylated  proteins  in  the  E- 
cadherin  complex  may  be  substrates  for  LAR.  Thus,  LAR  may  regulate  E-cadherin  complex 
function.  How  does  this  regulate  EGF  receptor  signaling?  It  is  well  known  that  the 
proliferative  effect  of  EGF  receptor  signaling  is  suppressed  at  confluence,  presumably  by  E- 
cadherin  complexes.  We  now  have  shown  that  EGF  proliferative  signaling  is  inhibited  at  the 
level  of  Akt  activation.  We  must  now  investigate  how  cell  contact  inhibition  and,  presumably 
E-cadherin/LAR  complexes  regulate  EGFR  dependent  Akt  activity. 

Characterization  of  mammary  gland  development  and  tendency  to  tumorigenesis  as  a 
function  of  LAR  expresssion  is  now  underway.  These  studies  will  yield  important  information 
in  the  coming  months  in  the  laboratory  of  Dr.  Kisseberth  at  Ohio  State. 


References:  NA 
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Expression  oyeucocyte  common  antigen-related  (LAR)  tyrosine 
phosphatase  is  regulated  by  ceil  density  through  functional  E-cadherin 
complexes 
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The  moaptar  )iW  protoirMjfrogine1  phiatyhutato  leucocyte  com¬ 
mon  antigcn-rdatcd  phosphatase  (LAR)  has  been  implicated  in 
receptortyrosine  kinase  signalling  pathways  while  also  displaying 
eriLdensiiy-deper.dency  and  localization  to  adherens  junctions. 
Whereas  physiological  substrates  for  LAR  have  not  been  identi¬ 
fied  unequivocally,  /?-catenin  associates  with  LAR  and  is  a 
substrate  m  vn?o.  With  the  implication  mat  LAR  may  play  a  role 
in  regulating  E-cadhmn-dcpcndcnt  cell— cell  communication  and 
contact  inhibition,  the  relationship  of  LAR.  with  E-eadherin  was 
investigated.  LAR  e*pre ssion  inoreuaed  with  cell  dwn^ily  in  the 
human  breast  cancer  cell  line  MCF-7  and  in  Ln  $  cells  derived 
from  the  13762NF  rat  mammary  adenocarcinoma.  LAR  protein 
levels  decreased  rapidly  when  cells  were  replated  at  a  low  density 
after  attaining  high  expression  of  LAR  at  high  cell  density.  COS- 
7  ceils  displayed  comparable  density-dependent  regulation  of 
LAR  expression  when  transiently  expressing  exogenous  LAR 


ur.de:  the  control  of  a  constitutively  active  promoter,  indicating 
that  the  regulation  of  expression  is  not  si  ihn  level  r.f  gjw. 
regulation.  Disrupting  hemophilic  E-cadhcrin  complexes^  by 
chelating  extracellular  calcium  caused  a  marked  decrease  in  LAR 
prorein  levels.  Similarly,  blocking  E-eadhcrin  interactions  with 
saturating  amounts  of  E-cadherin  antibody  (HECD-1)  also  led 
to  a  rapid  and  pronounced  loss  ot  cellular  LAR.  In  contrast, 
mimicking  cell-surftce  E-cadherin  engagement  by  plating  cells  m 
low  density  on  to  dishes  cualixl  with  HECD-1  josuiieU  in  *  2-fuSa 
increase  in  LAR  expression  compared  with  controls.  These 
results  suggest  that  density-dependent  regulation  of  LAR  ex¬ 
pression  is  mediated  by  fimrlinnal  F.-rarihprin  and  may  play  a 
role  in  density-dependent  contact  inhibition  by  regulating  tyro¬ 
sine  phosphorylation  in  E-cadherin  complexes. 

Key  words:  /7-calenin,  MCF-7. 


INTRODUCTION 

E-cadherin  is  a  member  of  a  family  of  calcium-dependent 
transtnembrane  proteins  which  play  a  central  role  in  cell-cell 
communication  and  contaci  inhibition  [i,2],  These  functions  arc 
mediated  by  humuphilh;  bituli;jg  bclwucn  uxiuiudlultu  dunmius 
of  E-c&dhcrin  expressed  on  neighbouring  cells  end  localised  to 
adherens  junctions.  The  intracellular  domain  of  E-cadherin 
cotuainshindi ng  sites  for  several  proteins,  including /j-catenir.,  y- 
catenin  (plakoglobin}  and  p  120  ealenin.  Tight  cell— cell  adhesion 
is  achieved  through  these  protein  protein  interactions,  which 
form  a  bridge  to  the  aclin  filaments.  The  E-cadherin  inlraecllular 
domain  binds  ^-catenin,  which  in  turn  binds  a-catenin.  it  is 
thought  that  a-calenin  mieracls  direcliy  or  indirectly  (via  a- 
actlnln)  with  the  F*actln  bundles,  linking  the  complex  to  the 
acini  cytoskdcton  and  forming  a  stable  structure  when  laterally 
clustered  [3J. 

Loss  of  E-cadherin  in  transformed  epithelial  cells  has  been 
correlated  with  increased  tumour  invasivcncss  in  vitro  and  with 
tumour  progression  in  vivo  [4,5],  In  breast  cancer,  loss  of 
functional  E-cadhcrin  complexes  correlates  with  a  loss  of  the 
epithelial  phenotype  and  increased  invasiveness  [6].  E-cadherin 
ana  the  proteins  within  the  cadherin  complex  are  tnought  to  be 
pusi-inuLslaiioniUK  modified  to  pryvide  a  mechanism  for  rapid 
lurcoYcr  and  modulation  of  the  functional  slate.  Several  cT  these 
proteins,  including  pi 20  catcnin,  E-cadhcrin,  y-calcnin  (plalco- 
fih>fcin)  and  /taate.nin,  nr*  apparently  rp.gulnreri  by  tyrosine 

phosphorylation  [7-9].  Whereas  tyrosine  phosphorylation  of  ft- 
catcnin  appears  n ot  to  promote  its  uncoupling  from  cell  adhesion 
complexes  directly  [10],  it  may  be  involved  in  a  mechanism  for 


disruption  of  functional  E-cadherin  complexes.  Studies  in  vitro 
have  identihed  several  protein  tyrosine  phosphatases  (PTP$)  that 
bind  to  and  alter  the  phosphorylation  state  of  yff-catenin.  Among 
the  kinases,  the  epidermal  growth  Factor  (EGF)  receptor  and  erb- 
B2  associate  with  /?-catenin  in  vitro  and  in  vtvo  [11,12],  A  fi- 
uitcuiu  mulaui  lacking  its  N-Leimlual  half,  including  much  of  ihe 
central  armadillo  rootifa,  cannot  bind  E-cadherin  bul  binds  to 
erb-B2,  This  mutant  inhibits  the  tyrosine  phosphorylaiion  of 
endogenous  /?-erttenin  HSKnriatrri  with  the  F-cariherin  rnmplp.x 

[12].  Cells  transfected  with  this  deletion  mutant  display  decreased 
transforming  growth  factor-a-dependent  migration  fa  vitro  and 
decreased  metastasis  in  vivo.  The  hcpatocy  te  growth  factor  (HG  F) 
receptor/c-Met  receptor  has  been  shown  lo  co-localize  and 
associate  with  h-cadhcnn  and  catcmn  m  epithelial  tumour  cells 
[IS],  Following  c-Met  activation  with  riG  ffwA  facfoT;  tyrosine*  OQ-ffe 
phosphorylation  of  /7-catejim  wouis  and  wH-cdl  cumaois  aiu 
disrupted  £1-4].  The  Src  kinase  has  been  implicated  tn  thig  HGF- 
dep*n<fcnt  process  [15],  Rat  fibroblasts  become  metastatic  and 
lose  their  compact  abrogating  morphology  when  transformed 
with  v-Src  [16],  Tyrosine  kinase  inhibitors  restore  tight  cell— cell 
adhesion.  /j-Catenin  is  the  most  significantly  increased  tyrosiue- 
phcsphorylated  protein  of  the  cadherin-associated  proteins  in 
tiie  presence  of  v-src  [ibj,  uespite  these  observations,  tyrosine 
phosphorylation  or /J-uilenin  h  mechanism  for  disruption  of 

functional  E-cadherin  complexes  remains  controversial  [10], 

Several  PTPb  have  also  been  shown  to  associate  with  oadherm 
r.nmpIp.xPA:  [17-71]  PTP  activity  npppars  rn  hp.  nprewary  fnr 
strong  cell-cell  adhesion  since  cell-cell  contact  can  be  disrupted 
by  treatment  with  the  PTP  inhibitor  pervanadate  [22],  Studies  in 
vitro  have  demonstrated  that  leucocyte  common  antigen-related 


AhhrpviAhnnft  cif>lrlormfll  Qmwth  fnntnr ;  hfip tc ryrft  g:nwrh  factor;  i  AR,  ienennyte  ccrrnton  anhoen-related  OhcfiD^alasa:  PTP. 

protean  tyrosine  phosphatase;  E-sutunit,  extracellular  suOunt;  P^subunit,  PTR-domain-contairpng  subunit. 

To  whom  correspondence  should  be  addressed  (e*ma;i  roberi.mooneyfaiurmc.rochester.edu). 
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phosphatase  (LAR)  associates  with  tho  N-terminuc  of  oaionin 
and  lhe  closely  related  y-r.ntp.nin  [17],  tenin  has  also  been 
shown  to  be  a  substrate  for  LAR  in  mire  [23].  These  data  suggesi 
that  LAR  may  play  a  role  in  the  maintenance  of  cell-ccll  contacts 
by  regulating  the  tyrosine-phosphorylation  state  of  one  or  more 
proteins  in  the  E-cadherin  complex.  Here,  wc  expand  upon  the 
earlier  report  that  LAR  is  regulated  by  cell  density  [24],  Func¬ 
tional  E-cadherin  complexes  are  shown  to  regulate  expression  ot 
LAR  linuugli  a  mechanism  that  docs  not  require  changes  In  rates 
of  transcription.  Regulation  of  LAR  expression  may  be  d 
mechanism  by  which  E-cadherin  complex^  control  their  own 
firont tonal  srstr. 

EXPERIMENTAL 
Cell  lines 

COS-7  green  monkey  kidney  cells  were  obtained  from  the 
A.T.C.C,  Ln  3  rat  mammary  adenocarcinoma  cells  were  a 
generous  gift  from  Dr  Carl  McGary  (University  of  Rochester, 
Rudies  lei,  NY.  U.S.A,).  MCF-7  cells  were  provided  by  Dr  P.  J. 
Simp3on-Haidaris  (University  of  Rochester). 

Plaemlds  and  transactions 

lhe  mouse  tt-cadtierm  construct  was  a  generous  gift  from 
Masatoshi  Takelchi  of  Kyoto  University,  Kyoto,  Japan,  and  has 
been  described  previously  [25].  Huiuiiu  LAR  cDN A  (kindly 
provided  by  MichcJ  Strculi  of  the  Dana  Farbcr  Ciinecr  Institute, 
Boston,  MA,  U.S.A.)  was  cloned  into  the  pcDNA3  vector  in 
frame  with  a  5'  Myn/Hi*  rug  ftar.tsrial  transformation  was 
performed  using  subcloning  efficiency  DI15a  from  Life  Techno¬ 
logies,  Plasmid  preparations  were  performed  using  Qiagen  maxi- 
prep  kits  according  to  their  protocol.  DNA  concentration  and 
purity  were  measured  by  UV  spectroscopy.  Transient  transfer 
tions  of  cell  lines  were  performed  using  the  F'ugcnc  6  reagent 
(Ruche)  under  serum-frcc  conditions  as  described  by  the  manu¬ 
facturer.  Transfected  cells  were  maintained  foi  30  h  bcfuic 
experimentation, 

Antibodias  and  rtagante 

Mouse  monoclonal  antibodies  specific  for  /f-catenin,  fc-cadhenn 
aud  the  LAR  E-subimiL  were  from  Transduction  Laboratories. 
The  ojiti-phosphotyrodtnc  aniibcdy  4G10  was  from  Upstate 
Biotechnology,  Antibody  for  the  LAR  P-subunit  (PTP  domain 
containing  subunit)  whs  provided  hy  f)r  Rarry  Goldstein  of 
Thomas  Jefferson  University  (Philadelphia,  PA,  U.S.A, ).  Anti¬ 
bodies  to  human  E-cadherin  (HECD-1)  and  rat  E-cadhertn 
(DECMA-1)  were  from  Zyined.  All  other  reagents  were  pur¬ 
chased  from  Sigma  unless  otherwise  indicated, 

Immunopreciprtaflons  ami  Western  blotting 

When  direct  analysis  or  cell  lysates  was  appropriate,  cells  were 
scraped  into  Laemmlfs  lysis  buffer  (1 56  mM  Tris/HCI,  5%  5D5 
and  2,5%  glycerol)  at  100  °C  After  normalizing  samples  based 
on  proiein  using  the  Markwell-Lowry  protein  assay,  proteins 
wciv  iupaiatwd  by  SDS/PAOE. 

When  immunoprccipatation  of  proteins  was  required,  cclla 
were  scraped  into  lysis  buffer  [i  M  TriE/HCI,  pH  7.d,  2  M  NaCI, 
1  M  NaF,  10%  Triton  X-lftO,  “500  mM  PMSF,  benzamidine, 
tetrasodium  pyrophosphate,  p-nitrophenylphosphate.  pervana- 
dale  and  a  protease-inhibitor  cocktail  (Calbiochcm)].  Lysates 
were  passed  10  times  through  an  18-gaugc  needle.  Samples  were 
protcin'Donnalized  using  the  Bradford  assay.  The  immunopre- 
cipliaiing  antibody  was  pre-bound  to  protein  G-Scpharosc  beads 


(Amcraham  Bio  science)  before  lysates  were  added  aL  4  "Q  fyr 
1-4  h.  Bead*  were  wiishad  three  (itt es  with  Triton  wash  buffer 
0  %  Triton  X- 100, 100  mM  Tris/HCI  and  150  raM  NiiCl)beforB 
immunoprecipi talcs  were  eluted  with  hniling  l.ap.mmli  sample 
buffer  (7$  mM  Tris/HCI,  2.5%  SDS.  2,5%  glycerol  and  2  mM 
dithiothreilol).  Samples  were  transferred  to  either  PVDF  or 
niirDcellulo.se  membranes  and  analysed  by  Western  blotting.  The 
blots  were  developed  with  cither  Amersham  Bioscicncc  or  Pierce 
Chemiluminescence  reagents. 

CeJI-denilty-dcpcncietit  plating  assays 

Following  propagation  to  confluence,  cells  were  rinsed,  dispersed 
with  0.20%  trypsin  lor  1-5  min  and  resuspended  in  standard 
serum-containing  media.  Cells  were  pooled  and  concentrated  by 
centrifugation,  Aliquots  wcic  ic-platcd  aL  high  (;>  55%)  or  low 
(<  30%)d*naily  in  100  mm  dishes.  At  appropriate  time  points, 
cells  were  lysed  and  protein  expression  analysed  by  Western 
blotting  ns  described  «hnvp. 

Disruption  of  E-cadherin  complexes 

MCF-7  cells  groH'n  to  confluence  in  24  well  d!fihe*j.  Cell  cell 
contact  was  disrupted  with  either  EGTA  or  HECD-1,  a  mouse 
monoclonal  anti-E-cadherin  antibody.  For  EGTA  treaunrnt. 
EGTA  was  added  at  5  mM  with  a  media  change  followed  by 
incubations  for  fih  or  less.  Incubations  of  IS  h  and  longer  were 
(bund  to  be  cytotoxic.  To  block  E-cadhcrin  more  specifically, 
MCF-7  ceils  were  incubated  in  media  containing  the  E-cadherin- 
blocklng  antibody,  HECD-1,  at  i,  d  or  lV/*g/mi  lor  15-24  h. 
Cells  weic  examined  by  light  microscopy  at  several  time  points  to 
ensure  cell  viability  and  to  record  morphological  changes  induced 
by  treatment.  Protein  expression  was  analysed  fio  described 
above. 

RESULTS 

LAR  protein  tovels  change  with  ocll  density 

Our  previous  studies  indicated  that  LAR  protein  expression  is 
ccll-density-depenaeru  [24].  in  light  of  the  observed  association 
of  LAR  with  consli  Incuts  uf  the  adherens  junctions  [17,2  3,26] 
and  the  defect  in  terminal  differentiation  of  the  mammary  gland 
in  LAR-knockout  mice  [27],  the  current  study  wa r  initiated  to 
explore  the  mechanism  or  f*ll-dnn$ity.d*pendency  of  LAR  using 
breast  cancer  cell  lines.  LAR  protein  levels  were  examined  in  the 
human  MCF-7  breast  carcinoma  cell  line  and  in  a  rat  mammary 
adenocarcinoma  cell  line,  Ln  3.  Each  cell  type  was  grown  for 
several  passages  at  either  high  (85-100%  confluence)  or  low 
(10-30%  confluence)  cell  deasity,  the  MUF-7  cells  were  ad- 
diliunally  examined  H  40-60%  confluence  (medium  density). 
Cell  lyiiulca  were  normalized  for  protein  and  separated  on 
SDS/PACE  gels.  In  the  human  MCF-7  coll  line,  LAR  protein 
increased  markedly  from  Inw  tn  high  density  ns  defiled  by 
Western  blotting  using  an  antibody  to  the  LAR  E-subunit 
(Figure  1  A).  It  was  possible  that  the  difference  in  LAR  E-subunit 
expression  did  not  reflect  expression  of  the  analytically  active  P* 
subunit.  For  example,  the  E-subunit  alone  may  have  been  lost  at 
low  cell  density  cue  to  proicolytic  cleavage  or  shedding  of  this 
extracellular  domain  [20].  Howcvui,  wliuu  MCF-7  lysates  were 
probod  with  un  antibody  to  the  catalytic  or  P-suburtil  of  LAR, 
comparable  density-dependent  changes  in  LAR  expression  were 
observed.  Similarly,  the  highly  metesfatir  I  n  3  n»1t$.  derived 
from  the  13762NF  rat  mammary  adenocarcinoma [28],  exhibited 
a  large  increase  in  LAR  protein  from  low  to  high  density  when 
detected  with  the  P-subunit  antibody  {Figure  IB).  The  less 
metastatic  Ln  2  cdls,  also  derived  from  the  13762NF  tumour. 
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Fiflure  1  Effect  of  cefl  density  or  LAR  and  E-cadterln  expression 


MCF-7  (k)Aiti  I  n  1  (B-  i* I!  lines  were  crown  for  swral  (WftMQ«  a!  high  (t>  65%),  medium 
(a^prcwL  40-60%),  cr  low  (<  30%)  confluence,  Alter  cel  lysis,  proteins  were  separated  by 
SDS/PAGE  and  transferred  to  nitrocellulose.  LAR  subunit  expression  in  MCF-7  ceils  (A)  and 
expittsluu  if  LAR  and  E*<adlierJii  h:  Ln  a  cmh  (B)  wbib  riBtacted  by  western  blotting  as 
described  in  the  Evpi/iatflai  st>c liar,  /ACabrin  vac  uwd  36  a  Joadlng  contrd  In  (A). 


showed  a  piogrcssive  increase  in  LAR  levels  from  low  to  high 
density  similar  ta  the  Ln  3  celt  line  (rwulb  not  shown).  Analysis 
of  E-cadherm  levels  as  a  function  or cell  density  paralleled  LAR 
levels  min'}  cells 


LAR  levels  respond  to  rapid  changes  h  cell  density 

i  he  following  investigation  examined  Ihc  impact  ofacute changes 
in  cell  density  on  LAR  expression.  Cells  were  grown  to  confluence 
bduiL  being  dis&uuatcU,  pooled  and  replctted  cil  either  high  or 
low  density.  Wilhin4  h  ol  rcpJaiing,  LAR  protein  levels  decreased 
markedly  when  rcplatcd  at  low  density.  In  contrast,  neplattng  at 
high  density  preserved  the  pre-existing  LAR  expression  (Figure 
2).  E-cadherin  levels  decreased  in  parallel  with  those  of  LAR 
when  cells  were  exposed  to  low-cell-density  conditions.  In 
contrast, , /Ncatcnin,  which  was  used  as  a  loading  control,  showed 
no  density-dependent  changes,  though  a  small  increase  was 
ubser vable  as  a  lunuion  or  time  after  rcplating.  The  decreased 
expression  of  LAR  reflected  changes  in  both  the  E-  and  P- 
Kubunite.  Whereas  the  6  subunit  potentially  could  have  been 
infliip.nr*rtby  shedding.  On?  similar  density-dependent  changes  in 
LAR  observed  in  Ln  3  cells  (Figure  2B)  probed  with  either  a  P- 
subunit  or  E-subunit  antibody  argue  that  decreased  cell  density 
initialed  the  loss  of  total  cellular  LAR  protein. 

The  above  investigation  demonstrated  that  LAR  levels  de¬ 
creased  markedly  within  4  h  of  au  acute  cecreasc  in  cell  density. 
Nc*.i.  lUtf  ivapou^  Lo  an  acute  increase  in  cell  density  was 
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RQUfB  2  Rftpirt  rier.rR5KB  In  LAR  upmclOB  with  a  d Create  in  cell  density 

mCm  (A)  and  in  a  (aj  cells,  which  m  been  maintained  ai  cotfiterc*,  were  resuspended 
^  tvpsln  and  rcplutcd  at  either  hg h  (>  05%)  v  low  K*  30%;  confluence  'or  either  4  c 
6  h.  Changes  n  egression  of  I  AH  F-snhnnil  (A.  B).  I AR  P.snhmlt  (A).  F^cherin  %  and 
/>c3lenin  (A)  were  determined  by  Western  bidtifng.  Ctrl,  control, 


investigated.  Cells  were  maiTilumnd  »t  10-30%  confluence  for 
several  days  before  harvesting  and  reflating  at  high  density. 
LAR  protein  expression  was  analysed  by  Western  blotting  at 
subsequent  times  as  indicated  in  Figure  3.  LAR  was  modestly 
increased  within  8  h  of  rcplating  at  high  density  and  continued  to 
increase  more  substantially  from  3  to  24  h.  By  24  h,  the  level  of 
LAR  protein  reached  thfll  of  the  lugli-dcusuy  control  cells* 
(results  not  shown).  Bccuusc  MCF-7  cells  do  not  proliferate 
rapidly  and  the  cells  had  been  plated  at  high  density,  the  increar.e 
in  LAR  protein  expression  whs  nor  likely  rn  be  due  to  cell 
proliferation.  The  more  modest  increase  in  /7-catcnin  and  the 
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Figure  3  Slow  increase  (b  LAR  wprwglon  whh  a  rapid  increase  k\  cbH 
density 

VG'-7  cells  wars  n$in|flir*jd  at  low  density  30%)  for  several  passayi*  FUlufliny 
feSLSflenSiOfi  wiiri  ifypsin  poolBd  cells  wan;  related  at  high  rail  rinrisHy  Alter  rating,  LAR, 
E  cschcrin  and  /kalsnin  axpiKsign  were  determined  oy  Western  Dialling  ai  ino  indicated  time 


©  200?  SiJUnsiiiual  Sjuislj 


4  "«*  J.  R.  Symons.  C.  M.  LeVas  and  F.  A.  Mooney 


Plating  Density 
High  Low  Low 

Ectopic  LAR 
■*“  expression 
E-subunit 

Figure  4  Denslty-ttepemleul  regulation  uf  octuple  ally  expressed  LAR 

COS-7  cells  were  transiency  transfect  witn  a  Huron  UR  cDNA  conslruct  es  described  in  the 
fcxoenmental  seclion.  At36  ti  posl-irsnstectbr,  cells  ware  r^uspenced  with  trypsin,  pooled  and 
Tplatcd  at  either  high  (>  051)  Of  low  (<  3D1)  corilmce  for  C  h.  Experiments  w'lfi  the  low- 
ncnflubn:ft  nMlilfftt  wera  parfrirrmf  in  mplofe  I  Aft  f>*prftSRinn  was  rtnlnrmin^  Western 
blotting. 


absence  of  an  increase  over  the  time  period  (1 2-24  h)  Lhal 
corresponds  to  the  large  increases  in  LAR  and  E-cadherin 
supports  this  conclusion.  Interestingly,  the  most  substantial 
increases  in  LAR  protein  expression  occurred  subsequent  to  the 
fuiiumiou  ufcdl  cell  contacts.  As  observed  by  light  microscopy, 
the  MCF-7  ceil 3  began  (o  spread  at  4-6  h  and  visible  cell-cell 
contacts  were  observable  at  8—10  h.  Whereas  LAR  levels  in 
crrttxrri  substantially  after  &  h,  maximum  levels  were  not  reached 
for  an  additional  16  h.  Thus  the  slow  rale  of  increase  in  LAR 
mass  with  an  acute  increase  in  cell  density  is  in  marked  contrast 
to  the  very  rapid  toss  of  LA  R  with  acute  decrease  in  cell  density. 
Il  is  logical  to  speculate  that  de  novo  synthesis  of  LAR,  and 
perhaps  other  proteins,  is  required  to  mediate  the  observed 
changes.  Finally,  increases  in  LAR  protein  levels  paralleled  those 
urE-uidhciiu  in  i  espouse  tu  die  ineieusc  iu  cell  density.  From  the 
above  data,  wc  hypothesize  that  LAR  protein  levels  increase  with 
the  formation  of  functional  oell-ecll  contacts. 

Density-dependent  changes  In  LAR  levels  do  not  require  changes 

In  the  synthetic  rate 

To  address  the  possibility  that  the  difference  in  LAR  levels  at 
varying  densities  was  due  to  differing  rates  of  transcription,  we 
used  h  rnctlinri  similar  te  that  of  fiphbink  at.  [79].  COS-7  c*11$ 
were  transiently  transfected  with  LAR  cDNA  under  the  control 
of  a  constitutively  active  promoter.  The  transfected  cells  were 
incubated  for  24  h,  dissociated  and  replated  at  either  high 
(>  85  %)  or  low  (<  50  %)  density.  The  cells  were  lysed  24  h  later 
and  LAR  expression  was  analysed,  bir.ee  exogenous  LAK 
expression  is  under  the  control  of  a  constitutlvcly  active  promoter, 
the  transcription  rate  of  LAR  remain*  constant  whether  cells  arc 
at  high  or  low  densities.  Changes  in  LAR  lcvcla  would  be  due  to 
altered  rates  nf  prnfpjn  ftegrariarirm  or  mRNA  stability  and 
translation,  As  shown  in  Figure  4.  LAR  expression  in  transfected 
COS  cells,  which  express  no  detectable  endogenous  LAR. 
increased  several-fold  with  increasing  cell  density.  Thus  regu¬ 
lation  of  LAR  transcription  rate  is  net  responsible  for  density- 
dependent  LAR  expression.  Ectopically  expressed  LAK  in  CDS 
utils  appuaiud  as  a  duubluL  by  Western  blotting.  One  potential 
explanation  is  that  these  hands  represent  alternatively  spliced 
isoforms  of  the  extracellular  domain  of  LAR.  Zhang  el  al,  [30] 
have  descril>ed  a  27  bp  exon  encoding >1  nine  nminr>  ncid  srqircnrr 
in  the  E-subunit  of  LAR  that  is  alternatively  spliced.  This  group 
has  shown  that  expression  of  these  isoforms  is  expressed  in  a 
developmental! y  regulated  pattern  in  the  brain.  While  the  co¬ 
expression  of  two  LAR  isoforms  is  not  observed  routinely  in 
transfection  experiments,  doublets  of  the  E-subunit  have  been 
obavivud  by  Wosivm  Mulling  following  UiiiisAjwUOtj  (31,32].  An 
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Rjufs  5  Effect  of  EGTA-depenrient  disropUoB  of  ulMell  contacts  on 
expression  pi  lah  and  E-cidtiBiln 

Ojoffoenl  MCF-7^ceIS  wire  tiKlefl  with  S  mM  EGTA  tor  [hi  lire  oerieds  indicated  and  Then 
harvested.  LAF.,  E-caddinn  and  /#-eiani«  (loading  control;  expression  were  determined  in  ih« 
cm  lyssies  jang  wasism  oicltno. 


alternative  explanation  for  uie  presence  of  a  doublet  In  LAR 
Western  blots  is  th&t  one  or  both  represent  in  Lino  proteolytic 
fragments.  The  ratio  of  the  two  immunoreactive  bands  remuined 
retalivrly  constant  at  approx.  1.0  among  samples  and  between 
experiments.  This  and  the  absence  of  a  doublet  with  endogenous 
LAR  argue  for  a  cell-dependent  processing  rather  than  an  in  vitro 
artifact,  such  as  proteolysis. 

LAR  protein  levels  are  altered  by  disruption  of  E-cadherin- 
mediated  celt-cell  contact 

We  hypothesized  that  cdl-dcnsity-dependent  increases  in  LAR 
protein  expression  were  due  to  a  signal  mediated  by  E-cadhcrin- 
dependent  cell  cell  contact.  To  pursue  this  possibility,  MCF-7 
cells  were  treated  with  EG']  A  to  disrupt  cell  -cell  contact  through 
chela  lion  of  the  extracellular  calcium  required  for  E-cadhcrin 
homophitic  binding  between  cells,  Following  EGTA  ueauneut, 
th,  cells  were  examined  by  light  microscopy  to  document 
morphological  changes.  By  I  h  of  treatment  with  EGTA,  MCF- 
7  cells  became  rounded  and  detached  from  one  annihr.r  At  fi  h, 
MCF-7  cells  had  no  cell-cell  contacts,  but  the  cells  remained 
attached  to  the  culture  dishes.  By  18  h,  cells  had  begun  to  lift 
from  the  dish  and  marked  cell  death  was  apparent.  Cells  were 
lysed  at  these  various  time  points  (excluding  18  h)  and  protein- 
normalized  lysates  were  separated  on  sds/page  gels.  Western 
blotting  for  the  LAR  E-subuuil  icvualcd  that  LAR  was  expressed 
in  high  amounts  at  0,  1  and  2  h,  but  decreased  sharply  after  2  h 
(Figure  5).  After  6  h  LAR  protein  was  undetectable  (results  not 
shown).  E-cadherin  protein  levels  were  also  examined  to  Ho- 
temiine  whether  loss  of  cell-cell  contact  induced  by  EGTA  also 
caused  Changes  in  E-cadberin  expression.  E-cadhcrin  protein  was 
also  high  at  0  and  1  h,  but  began  to  decrease  by  2  h  (Figure  5). 
As  a  control  lor  protein  loading,  cell  lysates  were  probed  for  ft- 
eaienin.  There  was  no  change  in  /t-catenln  protein  expression  at 

any  time  point  (figure  5).  Whereas  both  C-uwllio  in  and  LAR 
levels  decreased  with  EGTA  treatment,  the  decrease  in  E  cudherin 
commenced  at  an  earlier  time  point  than  that  of  LAR.  This 
indicates  that  total  cellular  E-cadherin  does  not  closely  correlate 
with  LAR  under  these  conditions.  LAR  did,  however,  decrease 
in  response  to  disruption  of  ccll-cell  contacts.  What  is  not 
assessed  here  Ls  the  impact  of  calcium  chelation  on  the  cellular 
clearance  mechanisms  for  trCUdhenn  and  LAR.  it  has  been 
demonstrated,  for  example,  that  calcium  mobilization  with 


2002  Blochetnica'  Sodfily 


Expression  cf  leucocyte  common  antigen-'eiated  phosphatase 


5 


6  *  10  10  Ctrl  etri  HBCO-1 


10  Ctrl  HECD-i  (figjmi) 

K »-  ^  ^ —  E<®drwsr 


Figure  U  EftBCt  ol  E-c^dffeorkn^&tD6klaiy  antibody  an  expression  of  LAH  and 

E-cadhcrin 

Confluent  V!C.C*7  cells  were  treated  for  24 1  with  media  contslning  the  c-cadne'in-biocking 
artiaoay  HfcOU-l  a:  the  csncentrate  tofficatoo  or  [he  igc  control  (dr!).  Cels  were 
hsrvcalcd  at  24  h  and  M  2-cidhc-in  wprewion  <vrre  dbtcr 'mined  in  cell  iysales  using 
Western  faulting. 
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Figure  7  Effect  of  ectopic  E-cadherin  expression  an  density-depondmf 
regulation  of  LAR 

COS^  calls  were  transiently  iransfcciec  with  constructs  ktn  LAR,  E-cadherin  (E-Cad)  or  null 
vector  (Clrj  as  indlsaleo.  After  48  fa,  cells  svere  resuspended  and  replied  at  high  (lanes  l,  3, 
5  cwJ  7)  u  low  tie  Killy  (lanes  2. 4,  6  ami  fi)  Ifai  0  li.  LAR  expicsslui  w*s  (jultrmlritf  uskin 
Western  btctling. 


Rgufs  &  EH^dherin-dspendenf  laoroan  in  LAB  oxpretdon 

MC?-7  cclj$  ware  plated  at  low  wsily  on  to  culture  dishes  coaled  with  either  antl'Bcadnertn 
drtMy  (HECO-l)  ui  iotbil  iyG  as  a  uunUul.  Cells  had  been  HtalnL’ired  al  luw  density  !ur  ilia 
previous  49 1.  Aler  12  h.  cells  were  harveslec  and  LAR  wpw$;w  tfeterinM  by  WestBrn 
blotting.  Duanliiativc  results  :'eprt$eni  the  rn?ans+  S  O,  from  three  experimerts  each  uerfoTnec 
in  duplicate. 


ionophorc  A23I87  induces  proteolysis  of  cellular  lak  [2b ], 
COTA  blwk*  iliib  iuiiupIiLue-vlupwiduaLpiuieulyliupruttssN.  U  is 
pO;;ribU  Ibut  oheluUon  of  calcium  with  £GTA  in  our  experiments 


retarded  the  clearance  of  LAR  that  >vus  otherwise  initiated  by  the 
disruption  and  clearance  of  E-cadhcrin. 

5inc$  expression  levels  of  LAR  and  E-cadhcrin  wr.ro  nh^rved 
to  change  in  parallel  under  most,  though  not  all,  conditions,  we 
sought  to  determine  whether  a  more  direct  relationship  between 
the  two  proteins  could  be  established.  The  homophilic  cadhcrin- 
mediated  cell-cell  interactions  are  the  molecular  sensors  of  cell 
density.  Thus  we  hypothesised  that  functional  E-cadherin  interac¬ 
tions,  not  necessarily  total  ccLlulai  E-uaUhej  in  couient.  may  be 
responsible  for  the  density* dependent  change  in  LAR  protein 
levels.  To  determine  whether  functional  cadherin  complexes 
COnmYi  dcnsily-dp.pendenr  T.Aft  expression,  wc  inhibited  extra¬ 
cellular  cadherin  interactions  directly  by  using  an  E-cadherin- 
specific  monoclonal  blocking  antibody,  HECD-1.  Confluent 
MCF-7  cells  were  treated  with  1,5  or  10  ^g/ml  of  HECD-1  to 
inhibit  ccll-ccli  contact.  When  the  cells  were  analysed  for 
morphological  changes,  light  microscopy  revealed  that  5  and 
lO/tg/mf  HECD-1  caused  greater  than  half  of  the  cells  to  round 
up  (results  not  shown).  When  I  y/g/ml  Antibody  vy**  UM;d,  die 
oclls  maintained  thfcir  celt  cell  adhesive  properties.  Western 
blotting  showed  a  marked  decrease  in  LAR  expression  when 
HECD-1  was  added  at  5  or  1()//g/ml  av  compared  with  the. 
control  (Figure  6).  Thus  cadhcrin  complexes  mediate  the  ex¬ 
pression  of  LAR  protein.  Under  the  same  conditions,  E-cadherin 
protein  levels  were  not  reduced,  indicating  that  functional  E- 
cadherin  interactions  rather  than  just  cellular  E-cadherin  ex¬ 
pression  regulated  LAR  expression. 

E-sadtierin  alone  le  not  sufficient  for  the  regulation  of  LAB 

Since  inhibition  of  E-cadhcrin  homophilic  interactions  resulted 
in  decreased  LAK  expression,  we  hypothesized  that  functional  E- 
uiUhcriu  complexes  were  responsible  for  density-dependent  regu¬ 
lation  of  LAR  expression,  perhaps  by  sequcsldiu^  LAR  ut 
adherens  junctions  and  decreasing  iU  turnover.  To  examine  this 
pfK^ibility,  COS-7  cells  were  transiently  co-transfectad  with 
mouse  E-cadhcrin  and  human  LAR  Transfection  efficiency  nr 
E-cadherin  was  approx.  30-40%  as  assessed  by  immunocyto- 
chemistry,  Whereas  wc  did  not  have  an  appropriate  antibody  to 
determine  the  transfection  efficiency  of  LAR,  Western  blotting 
revealed  cellular  expression  levels  of  LAR  that  exceeded  those  of 
primary  heparocytes  and  several  hepatoma  ceil  lines,  including 
l)epG2  cells.  It  was  assumed  tlrnl  the  Uiiusfuctiuu  efficiency  uf  E- 
cudherin  wus  sufficient  to  influence  the  cellular  level  cf  transfected 
LA  Rif  such  an  interaction  was  occurring.  While  the  results  were 
variable  and  thp.  daln  in  Figure.  7  show  some  increase  in  LAR 
levels  with  co-expression  of  E-cadhcrin,  it  was  concluded  that 
exogenous  E-cadhcrin  did  not  consistently  alter  the  exogenous 
expression  of  LAR  in  these  cells  (Figure  7).  Nevertheless,  protein 
levels  of  exogenously  expressed  LAR  continued  to  be  regulated 
by  cell  density  in  the  co-transfcctcd  COS-/  cells  (see  also  Hgure 

4)»  suggesting  that  E-C&dUciiu  wluuu  is  iiul  suffiiituL  lu  regulate 
LAR  expression, 

Activation  of  E-cadherin  complexes  is  sufficient  In  Increase  LAR 

expression 

Functional  E  cadherin  complexes  appear  to  be  involved  in  the 
regulation  of  LAR  expression.  Perhaps  ectopic  expression  of  E- 
cadherin  did  nor  increase  LAR  levels  because  ii  did  not  nppro.- 
ciably  increase  the  amount  of  lunciional  E-cadhcrin  complexes. 
To  more  directly  investigate  the  role  of  functional  E-cadherin 
complexes  in  the  regulation  of  LAR  levels,  MCF-7  cells  that  had 
been  maintained  at  low  density  for  a  minimum  of  4#  h  were 
replaied  on  culture  dishes  coated  with  cither  the  E-cacmerin 
antibody  1 1ECD-1  or  rabbit  IgG.  The  work  of  Lambert  et  al.  [33] 
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has  shown  th»:  interactions  ol* cells  with  anii-cadhcrin-antibody- 
CO  A  ted  <»ij rfACfti  will  mimint:Hflhrrin*Tric.riiHte.d  rpll  rnntarr  forma¬ 
tion,  recruitment  of/t-catenin.  a-catenin  and  pl20,  and  initiate 
cytoskeleton  reorganization.  Here,  cells  were  platcdat  low  density 
with  little  opportunity  for  cell  cell  contact.  Relative  to  LAR 
expression  in  control  cells,  LAR  increased  2-fold  in  cells  plated 
on  the  anti-fc'cadhcnc  antibody  (Figure  8).  Cell  proliferation  did 
not  differ  between  ihe  two  sets  of  conditions  during  the  course  of 
the  incubation. 

DISCUSSION 

In  this  study,  LAR  protein  expression  was  shown  :o  be  responsive 
to  cell  density  in  mammary  carcinoma  cell  lines,  and  functional 
E-cadherin  complexes  appeared  to  be  the  essentia!  mediators  or 
density  sensors  for  this  process.  Additionally,  transcriptional 
regulation  did  not  appear  to  play  a  role  in  the  changes  in  LAK 
expression.  White  die  current  study  demonstrates  that  LAR 
levels  arc  under  the  control  of  the  E-cadherin  complex,  it  has  also 
been  shown  that  LAR  levels  are  sensitive  to  culcium  ionophorc 
and  phorbcl  ester  treatments  [26].  Under  the  influence  of  these 
agents,  LAR  and  the  closely  related  PTFV  were  shown  to 
undergo  proteolytic  cleavage  and  subsequent  shedding  of  their 
E-subunit.  Loss  of  the  E-subunit  was  followed  by  internalization 
of  the  catalytic  P-subunit  us  shown  by  immunohistochemistry. 
Ihe  ulumatc  lute  ol  the  P-submut  was  not  determined,  though  P- 
subtmU  remained  In  ihe  cytosol  4h  after  treatment.  The  E* 
cadlici  hi-dupuuiluit  chaiigcs  iu  LAR  levels  dmi  me  described  in 
the  current  study  with  MCF-7  and  Ln  3  cells  indicate  that 
comparable  proportions  of  the  P-  and  E-subunits  are  lost  from 
cells  in  4h  with  a  decrease  in  r«1l-ceM  contact.  Although  »l 
cannot  be  ruled  out  that  the  E-subuni l  is  being  shed  prior  to  the 
loss  of  the  P-subunit,  the  ultimate  result  of  the  loss  of  cell-  cell 
contact  via  decreased  E-cadhcrin  homophilic  interactions  is  a 
loss  of  both  subunits  of  the  LAR  protein.  Using  conditions  thai 
were  similar  to  those  used  in  me  present  study  (i.e.  disruption  ol 
cdl-celi  adhesion),  Aiehcr  cl  al.  [26]  showed  that  EGTA  treat* 
mertt  of  A431  colls  resulted  in  internalization  of  //-catenin, 
plukoglobir.  and  LA  R.  In  this  case,  the  entire  LAR  molecule  was 
internalized  (i.e.  E-  and  P-subunits).  While  this  internalization  is 
assumed  to  lead  to  degradation,  no  comparison  of  ihe  raj™  of 
loss  of  cellular  LAR  and  E-cadhcrin  were  performed.  Nonethe* 
less*  this  report  supports  our  conclusion  that  disruption  of 
cell— celt  adhesion  results  in  removal  of  LAR  and  supports  a 
mechanism  by  which  the  entire  LAR  molecule  is  internalized  and 
degraded  in  response  u>  a  decrease  in  functional  E-cadherin 

L'UlliplcACS. 

LAR  is  one  of  several  PTPa  whose  expression  levels  arc 
influenced  by  cell  density.  We  reported  previously  th»i  levels  of 
LAR,  PTP 1 B  and  SHP2  (SH2-domain-containing  PTP2)  increase 
with  cell  density  in  the  rat  McArdle  hepatoma  cell  line,  RH7777 
[24],  PTP  DEP-1  (high-cel l-dcnsity-cnhanccd  PTP1)  was  first 
characterized  by  its  increased  expression  and  activity  in  hlgh- 
densuy  cultures  [34].  PTP//  has  been  shewn  to  be  up-regulated 
with  Increasing  cell  density  through  homophilic  binding  between 
its  extracellular  domains  expressed  ou  adjacent  eulh  [29].  This  is 
not  distiiniilur  from  the  mode  of  interaction  of  the  cadhcrm 
family  of  Imnsmcmbranc  proteins.  It  has  been  hypothesized  that 
PTP/f  is  up-regulated  at  high  density  because  its  hemophilic 
interactions  stabilize  the  PTP  at  the  cell  surface  [291  and  prolong 
its  half-life.  In  contrast  to  this  mechanism  for  stabilization  oT 
PTPs  at  high  cel!  density,  there  is  no  evidence  that  the  extracellular 
domain  of  LAK  exhibits  hemophilic  binding  capability.  Thus 
there  is  likely  io  be  a  mechanism  other  than  homophilic  interac¬ 
tions  for  density-dependent  regulation  of  LAR.  One  report 


indicates,  however,  that  one  splice  variant  of  LAR  can  bind  to 
laminln-nidogen  complexes  via  its  extracellular  domains  [35]. 
This  has  not,  however,  heen  shown  in  affect  ihc  hxlf«lifr.nf  I  Aft 
in  cells.  Finally,  Our  Studies  indicate  that  regulation  of  tran¬ 
scription  is  not  an  essential  step  in  E-cadhenn-rocdiatcd  regu¬ 
lation  of  LAR  expression.  Density-dependent  LAR  expression  is 
observed  even  when  ectopic  LAR  expression  is  driven  by  a 
constitutive  promoter. 

Dased  on  published  data  [17,23,26]  and  our  current  observa¬ 
tions,  we  support  a  model  in  which  LAR  is  sequcMCicd  iu 
functional  E-cadherin  complexes  by  irn  uasociuticn  that  stabilizes 
LA  ft  nnri  prolongs  ir*  half-life.  In  the  absence  of  or  in  response 

to  disruption  of  these  E-eadhcrin-dcpcndent  associations.  LAR 
is  subject  to  a  rapid  turnover,  as  we  have  observed  when  cells  arc 
moved  to  low-cell-density  conditions  after  being  maintained  for 
several  days  under  conditions  of  high  cell-cell  contact  (i.e.  high 
density).  However,  our  data  suggest  (hat  LAR  docs  not  associate 
directly  with  E-cadherin.  When  both  LAR  and  E-cadherin  were 
cclupicatly  expressed  iu  CO$  eel!*,  E-eiuJherin  expression  had 
little  or  no  effect  on  the  level  of  LAR  expression.  The  ectopic 
expression  ot  E-cadherin  may  not  form  additional  Ajnctioncil 
complexes  wilh  which  tn  *r.qnrv?ter  nrirlitinnal  I  AR  Nonetheless, 
the  inability  of  E-cadherin  to  affect  LAR  levels  when  both  arc 
ectopically  expressed  in  COS  at  low  cell  density  indicates  that  E- 
cadherin  $ione  is  insufficient  to  modulate  LA  R  levels  and  suggests 
ihal  other  components  of  a  functional  E-cadherin  complex  arc 
required  for  the  density-dependent  regulation  of  LAR, 

Whereas  E-cadherin  expression  alone  Is  not  sufficient  for 
modulating  density-dependent  iucicasus  iu  LAR  expulsion,  £- 
cadharin  is  ncocusury  for  this  process  in  MCF-7  cells.  This  was 
demonstrated  with  cells  that  were  plated  on  to  h  surface  coated 
with  the  HECD-1  antibody.  Interactions  between  rmri-mrUwin 
antibodies  and  cell-surface  cadhcrm  have  been  shown  to  mimte 
cell-contact  formation,  cadhcrm  clustering,  recruitment  of  the 
components  of  the  activated  cadherin  complex  and  cytoskeleton 
rearrangement  [33J.  In  our  investigations,  such  antibody-mediat¬ 
ed  activation  was  accompanied  by  a  2-fold  increase  in  lak 
expression.  These  data  tieuiuiistiah;  timt  Lhe  density-dependent 
increase  in  LAR  is  related  directly  to  functional  E-cadhcrin 
interactions. 

Whereas  T  AR  deft?  not  appear  to  associate  directly  with  E- 
cadherin,  evidence  both  in  vivo  and  in  vitro  supports  a  direct 
interaction  bclwccn  LAR  and  //-catenin  (17,231  Since  Alenin 
is  an  integral  component  in  the  E*cadherin  complex,  along  with 
a-catenin,  plakoglobin  (y-calenin)  and  p  120  catcnin,  its  physical 
association  with  LAK  may  explain  the  correlation  ot*  LAR 
expression  with  functional  E-cadheria  complexes.  Kypta  et  ai. 
[17]  first  reported  the  association  of  LAR  with  //-catcnin  in  PCI2 
cells  and  indicated  that  the  N  terminal  domain  of  fi  outenin  is 
necessary  for  this  association.  Neither  thp.  armadillo  domains  of 
/f-catcnin  nor  association  with  a-catenin  are  necessary  for  an 
association  in  vitro.  Muller  et  al.  [23]  have  shown  more  recently 
that/?-calenin  is « substrate  for  LAR  in  vitro.  They  observed  that 
ectopic  expression  of  LAR  inhibits  epithelial  cell  migration 
induced  by  EOF.  This  was  associated  with  a  decrease  in  the  ircc, 
Lujujuiplexed  puul  of  /Hattitln  and  in  the  tyrosine  phosphory¬ 
lation  of  thi3  population  of  /9-catcnin.  It  has  been  suggested  by 
several  groups  [16,36,37]  that  tyrosine  phosphorylation  of  /*- 
Catenin  may  disrupt  the  interarttirm  nf  rim  P.-rorihfrrin  enmplex 

with  the  actin  cytoskcicton.  While  this  remains  controversial 
increased  free  //-catcnin  may  indicate  disruption  of  E-cadherin 
complexes.  LAR  may  regulate  this  process,  which  is  important  to 
cell  migration  by  controlling  phosphorylation  of  /katenin. 

The  data  In  me  current  study  now  add  to  this  model  by 

d&uoastratiu^  1 1 ial  celt ulcLi  levels  nf  LAR  me  uuiihullud  by  llic 
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funclional  E*cadherin  complex ,  Whereas  stntr.hnmp.rric  studies 
were  not  possible,  it  is  interesting  to  speculate  that  cellular  LAR 
levels  reflect  thre  number  cl'  functional  E-cadherin  complexes. 
More  specifically*  these  LAR  levels  may  reflect  /taatenin  seques¬ 
tration  in  the  complexes.  Muller  et  a!.  [23]  have  shown  that  free, 
uncomplexed  /X-catcnin  increases  with  fc(jh  treatment.  It  this 
Muul  uf  fiue  /tf-caieiim  h  derived  Prom  E-cadhcrin  complexes, 
misfit  this  altered  localization  affect  the  associated  LAR  mol- 
ecule?  In  preliminary  studies,  we  have  observed  that  LAR  levels 
decrease  in  response  1f>  F.t'iF  in  <i  time  course  that  is  consistent 
with  Increases  in  free /?-ca tenia  (C.  M.  LeVea  and  R.  A.  Moonry. 
unpublished  work). 

In  summary,  tyrosine  phosphorylation  in  E-cadhenn  com¬ 
plexes  may  be  an  essential  regulatory  mechanism  to  maintain 
cell-cell  contact  or  to  control  migration  in  response  to  extracel¬ 
lular  stimuli.  Here  we  demonstrate  that  cellular  levels  of  the 
trAnsmeaibuuivPTPLARaiuiegulaLedby  functional  E-cadhcrin 
complexes.  The  increased  LAR  levels  at  high  cell  density  may 
represent  a  cellular  mechanism  to  suppress  further  tyrosine 
phosphorylation  of  /?-calr.nin  (and  plaWnglohin?)  in  the  E- 
cadherin  complex  and  maintain  contact  inhibition  of  growth. 

This  work  was  supported  m  part  by  a  grant  (DAMD1 7*00-1 -0423)  from  the 
Department  of  Defense  Breast  Cancer  research  Program  (to  RAM.}.  C.M._  was 
sitpfiftften  hy  a  fellowship  imrn  thp  James  P.  Wllmot  Fouodatkir. 
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